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Abstract - Coupling optical fibres with small silicon 
waveguides can present a challenge due to a large difference in 
refractive index and dimensions between the two. Here we 
investigate the temperature influence on a grating-assisted 
directional coupler. 
 
I. INTRODUCTION 
 
The reduction of a waveguide’s cross sectional 
dimensions can enhance the performance of the photonic 
devices [1-3]. However, it makes coupling of light to/from 
the circuit very difficult, particularly to/from standard 
optical fibres that typically have a core dimension of ~ 9 
µm. Several devices have been proposed for efficient 
coupling to/from the silicon photonic circuit, the most 
popular approaches being taper and grating couplers [e.g. 
4-6]. We have previously presented theoretical work on an 
alternative device entitled the Dual Grating Assisted 
Directional Coupler (DGADC) [7] and experimental results 
of devices that were fabricated in Silicon on Insulator 
(SOI) technology [8]. 
Figure 1 shows a schematic of the coupler. The light 
from a fibre is coupled to the thick silicon oxynitride 
waveguide (with refractive index close to that of the fibre), 
and via the first grating to the intermediate silicon nitride 
layer, and after that to the thin silicon waveguide using the 
second grating. The thick input waveguide and the two 
separation layers are fabricated in silicon oxynitride 
technology because of the ability to control the refractive 
index over a broad range. The silicon nitride waveguide is 
crucial for the operation of the coupler because it bridges 
the gap between the fibre and silicon refractive indices.  
Plasma Enhanced Chemical Vapour Deposition 
(PECVD) was used for the fabrication of SiON and Si3N4 
layers on SOI wafers [8]. Gratings with period of 1.3 - 1.4 
µm and 10 nm in height, and with period of ≈ 5 µm and 
height of 20 nm were patterned by plasma etching on the 
tops of the Si and Si3N4 waveguides, respectively.  
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Fig. 1. Dual grating-assisted directional coupler in SOI 
technology [8]. 
 
Theoretical investigation of the coupler has shown 
that a coupling efficiency in excess of 90% can be obtained 
[7], while a measured efficiency for coupling to 230 nm 
thick silicon waveguide was 55% [8], which was the best 
result for grating-based coupling to such small 
semiconductor waveguides reported in the literature at the 
time. In this paper we present an investigation of the 
influence of temperature on the coupler performance as 
well as demonstrate an improvement in the coupling 
efficiency due to changes in the temperature. 
 
II. EXPERIMENTAL RESULTS 
 
Unlike our previous devices [8], the couplers 
investigated in this paper have a top SiON layer thickness 
of ≈ 4.4 µm, corresponding to a maximum theoretical 
coupling efficiency of ∼70% when the other layers have 
their optimum thicknesses. Further improvement of the 
coupling efficiency can be expected for an optimum SiON 
thickness of 5 µm.  
Each sample contains a number of devices with 
different grating periods, enabling a shift of the resonant 
peak towards longer or shorter wavelengths while still 
achieving high coupling efficiency. The maximum 
coupling efficiency at room temperature in the C-band 
wavelength range was 56%, whilst in the L-band, 
efficiency of 43% was measured [9] representing an 
increase of 11% compared to the results reported in [8]. 
The temperature dependence of the resonant peak has 
been measured on a number of devices. One example is 
shown in Fig. 2. The temperature of the samples was varied 
from 5°C to 90°C. As the refractive index changes with 
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temperature, a wavelength shift of the resonant peak can be 
expected due to the thermo-optic effect. Consequently, 
coupling efficiency will also change. The average peak 
shift was found to be 0.15±0.01 nm/°C. This result was 
compared with theoretical predictions obtained by the 
Transfer Matrix Method (TMM) [10] and Floquet-Bloch 
Method (FBT) [11], using the following thermo-optic 
coefficients: βSiO2 = βSiON = βSi3N4 = 10-5 K-1 [12], βSi = 1.86 
× 10-4 K-1 [13]. Theoretical peak shift obtained by the 
TMM and FBT is 0.177 nm/°C, and 0.170 nm/°C, 
respectively. The difference between the experimental and 
theoretical values can be due to the temperature distribution 
in the sample. It is plausible that the thermal conductivity 
of the various layers can cause the device to have 
temperatures different to that of the Peltier element used in 
the experiment. The difference in the temperature of 5-
10°C can explain the difference between the experimental 
and theoretical values. 
 
 
Fig. 2. Temperature dependence of the resonant peak at ~1580 nm 
 
For ∆T=15-20°C, the output at the resonant 
wavelength for T=20°C, drops by ~3 dB. In other words, 
temperature variations of ±15-20°C results in output 
reduction of ≤ 3 dB at fixed wavelengths. To increase this 
temperature tolerance, the FWHM of the resonant peak has 
to be broadened. The spectrum of the devices can be 
broadened by varying the duty cycle of the gratings. It is 
expected that the FWHM can be increased from the current 
value of 5 nm to ~ 12-13 nm thus significantly improving 
the temperature tolerance of the device. Further broadening 
could be obtained by grating chirping. 
In some cases, the coupling coefficient can be 
improved by changing the temperature of the device. One 
such example is shown in Fig. 3, where better matching of 
the grating resonant peaks in the DGADC (Fig. 1) are 
achieved at 25°C rather than at the room temperature. It 
can be seen from Figure 3, that the left side lobe is 
decreasing, whilst the right side lobes are increasing in 
amplitude as the temperature increases. This is a 
consequence of different thermo-optic coefficients between 
the layers. Therefore, for an optimum temperature, the 
coupling coefficient is maximized. The maximum 
efficiency of 59% has been measured at the temperature of 
25°C, representing the highest value measured for a 
grating-assisted directional coupling to date. The 
propagation loss in the DGADC has not been taken into 
account in the efficiency calculation, as explained in [8]. 
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Fig. 3. Maximum coupling efficiency of 59% measured at 
temperature of 25°C 
 
As silicon oxynitride and nitride layers have been 
deposited by the PECVD method, propagation loss can be 
relatively high in these layers [14]. Therefore, annealing at 
high temperatures is sometimes needed to reduce the 
propagation loss [15]. We performed annealing at 
temperatures in the 600-1100°C range [16]. The 
propagation loss has been significantly reduced by 
annealing. For example, at the wavelength of 1550 nm the 
loss was 16 dB/cm before annealing, and was reduced to 
1.1 dB/cm after annealing at 900°C for 1 hour. Further 
reductions can be expected for longer annealing times. 
 
III. CONCLUSION 
 
The temperature dependence of the resonant peak of 
the Dual Grating-Assisted Directional Coupler has been 
investigated. It has been shown that temperature variations 
of ± 15-20 °C result in a 3 dB reduction of the output signal 
at a fixed wavelength. This temperature dependence can be 
broadened by grating chirping and by varying the duty 
cycle of the gratings. Theoretical predictions, obtained by 
the TMM and FBT, and experimental results of the peak 
wavelength shift by changing the temperature in the 5-90°C 
range are in a good agreement. Maximum coupling 
efficiency of 59% has been measured at the temperature of 
25°C, which is the highest measured value for a grating-
assisted directional coupling to small silicon waveguides. 
Annealing has been also performed which has significantly 
reduced the propagation loss in the PECVD deposited 
layers. 
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